A fructophilic lactic acid bacterium, designated strain F214-1 T , was isolated from a flower of Tropaeolum majus in South Africa. Based on phylogenetic analysis of 16S rRNA gene sequences, the strain formed a subcluster with Fructobacillus ficulneus and Fructobacillus pseudoficulneus and, based on recA gene sequences, the strain formed a subcluster with F. ficulneus. DNA-DNA hybridization studies showed that strain F214-1 T was phylogenetically distinct from its closest relatives. Acid was produced from the fermentation of D-glucose, D-fructose and D-mannitol only. D-Fructose was the preferred sole carbon and energy source and was fermented more rapidly than D-glucose. Growth of the strain on D-glucose under anaerobic conditions was very weak but external electron acceptors such as oxygen and pyruvate enhanced growth on D-glucose. Lactic acid and acetic acid were produced from D-glucose in equimolar amounts. Ethanol was produced at very low levels, despite the strain's obligately heterofermentative metabolism. Based on these data, strain F214-1 T represents a novel species of fructophilic bacteria in the genus Fructobacillus, for which the name Fructobacillus tropaeoli sp. nov. is proposed. and sodium azide (0.05; pH 6.8), was added to the crushed samples and the bags were incubated at 30 u C for 24 h. After incubation, each sample was inoculated into FYP broth by using a loop and incubated at 30 u C under aerobic conditions on an orbital shaker (120 r.p.m.) for 2 days. The culture was then streaked onto FYP agar plates containing (l
D-fructose and D-mannitol only. D-Fructose was the preferred sole carbon and energy source and was fermented more rapidly than D-glucose. Growth of the strain on D-glucose under anaerobic conditions was very weak but external electron acceptors such as oxygen and pyruvate enhanced growth on D-glucose. Lactic acid and acetic acid were produced from D-glucose in equimolar amounts. Ethanol was produced at very low levels, despite the strain's obligately heterofermentative metabolism. Based on these data, strain F214-1 T represents a novel species of fructophilic bacteria in the genus Fructobacillus, for which the name Fructobacillus tropaeoli sp. nov. is proposed. The type strain is F214-1 T (5JCM 16675 T 5DSM 23246 T ).
At the time of writing, the genus Fructobacillus comprised four species: Fructobacillus fructosus, Fructobacillus durionis, Fructobacillus ficulneus and Fructobacillus pseudoficulneus (Endo & Okada, 2008) . These four species were formerly classified as species of the genus Leuconostoc (Antunes et al., 2002; Chambel et al., 2006; Leisner et al., 2005) but were reclassified by Endo & Okada (2008) as members of a novel genus, Fructobacillus, based on their phylogenetic positions and their morphological and biochemical characteristics. Species of the genus Fructobacillus typically show a preference for D-fructose over D-glucose as a growth substrate and, as such, are classified as fructophilic lactic acid bacteria (Endo & Okada, 2008) . Two distinct groups of fructophilic lactic acid bacteria have been reported; obligate fructophiles and facultative fructophiles (Endo et al., 2009) . The four species of the genus Fructobacillus, as well as Lactobacillus kunkeei, are regarded as obligately fructophilic and the novel species Lactobacillus florum is regarded as facultatively fructophilic (Endo et al., 2009 (Endo et al., , 2010 . The two groups differ in their ability to grow on D-glucose without electron acceptors and to produce ethanol from D-glucose (Endo et al., 2009 (Endo et al., , 2010 .
During the course of our studies on fructophilic lactic acid bacteria, one strain, designated F214-1 T , was isolated from a flower in South Africa. The strain showed biochemical characteristics typical of obligately fructophilic lactic acid bacteria and, based on 16S rRNA gene sequence analyses, formed a phylogenetic subcluster with F. ficulneus and F. pseudoficulneus in the Fructobacillus cluster. Based on DNA2DNA relatedness values, strain F214-1 T was genetically distinct from these close relatives. Here, we describe the taxonomic characterization of strain F214-1 T and propose that it represents a novel species of the genus Fructobacillus. Strain F214-1 T grew well in FYP broth but poorly in GYP broth and was, therefore, regarded as a fructophilic lactic acid bacterium. The strain was stored at 280 u C in nutrient broth containing 20 % (v/v) glycerol. Strains F. durionis LMG 22556 T , F. ficulneus JCM 12225 T , F. fructosus NRIC 1058
T and F. pseudoficulneus DSM 14568 T were cultured in FYP broth and used as reference strains.
The 16S rRNA gene sequence of strain F214-1 T was determined as described previously (Endo & Okada, 2005) . The closest recognized relatives of the isolate were determined by performing database searches and sequences of closely related species were retrieved from DDBJ. Multiple sequence alignments were carried out by using CLUSTAL_X, version 1.18 (Thompson et al., 1997) . Distance matrices for the aligned sequences were calculated by using the two-parameter method of Kimura (1980) and phylogenetic trees were reconstructed by using the neighbourjoining, maximum-likelihood and maximum-parsimony methods in PHYLIP version 3.65 software as described previously (Endo & Okada, 2006) . 16S rRNA gene sequences (~1450 bp) of the isolate and related species of lactic acid bacteria were used to reconstruct phylogenetic trees. The highest sequence similarities to strain F214-1 T were 99.2 and 98.0 % to F. pseudoficulneus and F. ficulneus, respectively. In the tree reconstructed using the neighbourjoining method, the strain formed a subcluster with F. pseudoficulneus and F. ficulneus within the Fructobacillus phylogenetic cluster (Fig. 1 ). An identical tree topology was obtained when using the maximum-likelihood and maximum-parsimony methods (see Supplementary Figs S1 and S2, available in IJSEM Online).
As an additional genetic marker, the recA gene of strain F214-1 T was sequenced and used for phylogenetic analysis. The recA gene encodes a recombinase A protein and using this sequence in phylogenetic analyses gives greater resolution than the 16S rRNA gene sequence when classifying members of the genera Leuconostoc and Fructobacillus (Ehrmann et al., 2009; Endo & Okada, 2008) . Amplification, purification and partial sequencing of the recA gene were performed as described previously (Endo & Okada, 2008) . Phylogenetic analysis was conducted as described above and a phylogenetic tree was reconstructed by the neighbour-joining method using~500 bp recA gene sequences of the isolate and related species of lactic acid bacteria. Lactococcus lactis IL1403 was used as an outgroup. In the phylogenetic tree, strain F214-1 T formed a subcluster with F. ficulneus within the Fructobacillus cluster (Fig. 2) T and the DNA G+C content of the isolate were determined as described by Endo & Okada (2006) . Extraction and purification of bacterial DNA were performed according to the methods of Marmur (1961) with modifications (Ezaki et al., 1983) . Strain F214-1 T showed DNA-DNA relatedness values of 11-19 % with the reference strains (Supplementary Table S1 ) and had a G+C content of 44 mol%.
Morphological, physiological and biochemical characteristics of strain F214-1 T were determined as described previously (Endo et al., 2009) . FYP broth was used as basal medium. Acid production from carbohydrates and enzyme activities were determined for strain F214-1 T and the four reference strains using API 50 CH and API ZYM strips (bioMérieux). Detailed characteristics of strain F214-1 T and reference strains of the genus Fructobacillus are given in the species description and in Table 1 . Of the 49 carbohydrates tested, strain F214-1 T only produced acid from D-fructose, D-glucose and Dmannitol and metabolized D-fructose faster than D-glucose. These results and those from enzymic assays were very similar between strain F214-1 T and other members of the genus Fructobacillus (Table 1) . These shared physiological and biochemical properties make classification based on these characteristics difficult. On the other hand, sequence analysis of housekeeping genes, such as recA, can be a powerful tool for classifying species of the genus Fructobacillus.
Growth characteristics of strain F214-1 T were determined as described previously (Endo et al., 2009) . Broth containing Dglucose, D-fructose or D-glucose with 1 % pyruvate was used in this study. To determine growth enhancement in the presence of O 2 , cells of strain F214-1 T were grown in broth containing D-glucose under aerobic (120 r.p.m. by orbital shaker) and static conditions. Growth on GYP agar under aerobic and anaerobic (Anaerobic stystem BR0038B; Oxoid) conditions was also determined. Presence of end products from the fermentation of D-glucose was determined as described previously (Endo et al., 2009) . Strain F214-1 T grew very poorly on D-glucose but grew well on D-fructose ( Supplementary Fig. S3 ). However, the novel strain grew very well on D-glucose in the presence of 1 % pyruvate and under aerobic (shaking) conditions ( Supplementary Fig. S3 ), which suggests that it requires external electron acceptor(s) for the metabolism of D-glucose. Culturing under aerobic conditions enhanced the growth of the strain on agar medium ( Supplementary Fig. S4 ). Colonies grown on GYP agar for 2 days under aerobic conditions were~1-2 mm in diameter but under anaerobic conditions were only~0.1-0.2 mm in diameter (Anaerobic system BR0038B; Oxoid). Strain F214-1 T produced gas from D-glucose but produced almost equimolar amounts of lactic acid and acetic acid and very little ethanol (molar ratio of 1 : 1 : 0.005, respectively). These characteristics were unique to strain F214-1 T when compared with the characteristics of species of the obligately heterofermentative group of lactic acid bacteria but correlated well with those of the obligately fructophilic group of lactic acid bacteria, which includes species of the genus Fructobacillus (Endo & Okada, 2008; Endo et al., 2009 ).
Based on these data, strain F214-1 T represents a novel species of obligately fructophilic lactic acid bacteria in the genus Fructobacillus, for which the name Fructobacillus tropaeoli sp. nov. is proposed. The type strain is F214-1
Description of Fructobacillus tropaeoli sp. nov.
Fructobacillus tropaeoli (tro.pae.o9li. N.L. n. Tropaeolum a botanical generic name; N.L. gen. n. tropaeoli of Tropaeolum, isolated from Tropaeolum majus). Cells are Gram-reaction-positive, non-motile rods, 0.86 1.5-6 mm. Cells occur singly, in pairs or in chains. Facultatively anaerobic and catalase-negative. Obligately fructophilic lactic acid bacteria. Growth on D-glucose is enhanced with external electron acceptors, such as pyruvate and oxygen. Growth on D-glucose is suppressed under anaerobic conditions. After incubation for 2 days on GYP agar, colonies are white, smooth and~1-2 mm in diameter under aerobic conditions but only~0.1-0.2 mm in diameter under anaerobic conditions. Heterofermentative and produces lactic and acetic acid from D-glucose at a ratio of 1 : 1 along with very small amounts of ethanol. Gas is produced from D-glucose, D-and L-lactate are produced at a ratio of 9 : 1 and mannitol is produced from 
